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(54) CONTROL DEVICE OF HYBRID VEHICLE 

(57) Conditions for permitting operation of vibration 
control are that; a stored charge of a battery 17 for an 
electric motor detected by storage state monitoring de- 
vices 15 and 24 is larger than a predetermined storage 
charge threshold, a vehicle's engine is idling, engine 
speed is within a prescribed range, and engine load is 
within a prescribed range. When all these conditions are 
satisfied, vibration damping control by a vibration damp- 
ing control device is performed. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a control ap- 
paratus for a hybrid vehicle in which a propulsion force 
for running the vehicle is generated by output from an 
engine assisted by an electric motor as required. 

BACKGROUND ART 

[0002] Heretofore, there is known a hybrid vehicle in- 
corporating an electric motor in addition to an engine as 
a drive source for vehicle propulsion. 
[0003] One type of such hybrid vehicle is a parallel 
hybrid vehicle wherein an electric motor rotated by elec- 
tricity is used as an auxiliary drive source for assisting 
the output from an engine, being an internal combustion 
engine. In this parallel hybrid vehicle, various control is 
carried out, such as assisting the output from the engine 
by means of the electric motor at the time of acceleration 
for example, and charging a battery by deceleration re- 
generation at the time of deceleration, so that the stored 
charge of the battery can be maintained while satisfying 
the requirements of the driver. (For example, as dis- 
closed in Japanese Unexamined Patent Application, 
First Publication No. Hei 7-123509.) 
[0004] An engine, being an internal combustion en- 
gine, sometimes generates unpleasant vibrations at the 
time of low speed, that is, when idling. In a hybrid vehicle 
as described above, an electric motor that can reliably 
control torque electrically is incorporated into the en- 
gine, so that the engine vibration can be suppressed by 
controlling the torque of this electric motor. The present 
inventor has filed a first application for an engine vibra- 
tion damping apparatus using such an electric motor 
(Japanese Unexamined Patent Application, First Publi- 
cation No. Hei 9-248374). 

[0005] Such an engine vibration control apparatus 
generates a plurality of different sine waves in propor- 
tion to the rotational frequency of the engine output shaft 
depending on the running conditions of the engine, gen- 
erates a composite wave of these sine waves as a 
torque waveform for the electric motor to generate to 
reduce the torque variation of the engine output shaft, 
and controls the vibration by controlling the electric mo- 
tor according to this composite wave torque waveform. 
In order to operate such an engine vibration damping 
apparatus, some energy may be consumed. 
[0006] Accordingly, if such vibration damping control 
is performed at the time of idling for example, depending 
on the state of power being consumed elsewhere in a 
vehicle, such as lighting, wiper operation, or furthermore 
the operation of a car stereo or the like, the electric pow- 
er supply generated by the engine may be insufficient, 
and the deficiency is drawn from the electric motor bat- 
tery, resulting in the stored charge of the electric motor 
battery being reduced. In this manner, if the stored 



charge of the electric motor battery is reduced, assist- 
ance cannot be given to the engine even if theconditions 
require it. 

5 DISCLOSURE OF THE INVENTION 

[0007] The present invention takes into consideration 
the above situation, with an object of providing a control 
apparatus for a hybrid vehicle that prevents a situation 

10 in which a stored charge of an electric motor battery is 
reduced below a minimum required due to the vibration 
damping control device being operated, in other words, 
priority is given to preventing the stored charge of the 
electric motor battery being reduced below the minimum 

15 required, so that the occurrence of a situation that re- 
quires assistance to the engine by the electric motor can 
be handled without fail. 

[0008] Furthermore, the present invention has an ob- 
ject of providing a control apparatus for a hybrid vehicle 
20 that can prevent the stored charge of the electric motor 
battery from being reduced below the minimum required 
at the time of idling, and additionally can increase the 
stored charge. 

[0009] To achieve the abovementioned objects, a 
25 control apparatus for a hybrid vehicle (for example, an 
ECU in embodiments) of a first aspect of the invention 
comprises: an engine (for example, an engine 11 in the 
embodiment) which outputs a propulsion force for a ve- 
hicle; an electric motor (for example, a motor 12 in the 
30 embodiment) which assists the output from the engine; 
a battery (for example, an electric motor battery 17 in 
the embodiment) for an electric motor that drives the 
electric motor and also stores electric power generated 
by the electric motor; and a storage state monitoring de- 
35 vice (for example, a current sensor 24 and an ECU 15 
in the embodiment) which monitors the stored charge of 
the electric motor battery and is characterized in that 
one condition for permitting operation of vibration damp- 
ing control by the electric motor, for suppressing vibra- 
to tion caused by torque variation of the engine, is that a 
stored charge of the electric motor battery detected by 
the battery storage state monitoring device must be 
greater than a predetermined stored charge threshold, 
and when the condition is satisfied, vibration damping 
45 is performed by the vibration damping device, or alter- 
natively when the condition is not satisfied, vibration 
damping by the vibration damping device is inhibited. 
[0010] Here, vibration damping control for controlling 
engine vibration by the electric motor is performed 
so through a vibration damping device (for example, a pow- 
er drive unit 16 in the embodiment). 
[0011] With such a construction, only in the case 
where the stored charge of the electric motor battery is 
greater than a predetermined stored charge threshold, 
55 that is, only in the case where there is some surplus 
stored charge in the electric motor battery, is vibration 
damping control performed by the vibration damping de- 
vice. Accordingly, a situation does not occur in which 
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there is no surplus stored charge of the electric motor 
battery, leading to the stored charge of the electric motor 
battery being reduced below the minimum required due 
to the operation of the vibration damping control device. 
[0012] A second aspect of the invention is character- 
ized in that conditions for permitting operation of vibra- 
tion damping control require that, in addition to a stored 
charge of the electric motor battery detected by the stor- 
age state monitoring device being greater than a prede- 
termined stored charge threshold (for example, a deter- 
mination of step S9 in the embodiment), the vehicle is 
idling (for example, a determination of step S1 of the 
embodiment), engine speed is within a prescribed range 
(for example, a determination of step S5 in the embod- 
iment), and engine load is within a prescribed range (for 
example, a determination of step S6 in the embodi- 
ment), and vibration damping control is performed when 
all conditions are satisfied. 

[0013] With such a construction, it is possible to per- 
form vibration damping control in a state where there is 
some surplus stored charge in the electric motor battery, 
the vehicle is idling, and the engine rotation is stable in 
regard to the engine speed and engine load, but except- 
ing a case where a high load is required on the engine, 
that is, only when vibration damping control is genuinely 
required. 

[001 4] A third aspect of the invention is characterized 
in that conditions for permitting operation of the vibration 
damping device require that an electrical load of the ve- 
hicle excluding the electric motor is greater than a pre- 
determined electrical load threshold (for example, a de- 
termination of step S10 in the embodiment), and when 
the electrical load exceeds the predetermined electrical 
load threshold, vibration damping control by the vibra- 
tion damping device is performed for a predetermined 
limited time (for example, step S12 in the embodiment), 
and conversely, when the electrical load is less than or 
equal to the predetermined electrical load threshold, vi- 
bration damping control by the vibration damping device 
is performed without any set time limit (for example, step 
S11 in the embodiment). 

[001 5] With such a construction, in the case where the 
electrical load of the vehicle is high, the electric power 
produced by the engine is insufficient, and the deficien- 
cy is drawn from the electric motor battery, vibration 
damping control can be performed only for a predeter- 
mined limited time. Accordingly, it is possible to prevent 
a situation in which the amount of electric power drawn 
from the electric motor battery is increased and the 
stored charge of the electric motor battery reduced, due 
to performing vibration damping control over a long time. 
[0016] A fourth aspect of the invention is character- 
ized in that when the electrical load exceeds a prede- 
termined electrical load threshold, and vibration damp- 
ing control by the vibration damping device is performed 
for a predetermined limited time, engine speed is in- 
creased as an elapsed time of vibration damping control 
increases (for example, steps S13, S15 and S17 in the 



4 

embodiment). 

[0017] With such a construction, when the engine 
speed increases, the amount of generation by the en- 
gine increases, and the amount of electric power drawn 
5 from the electric motor battery decreases. Consequent- 
ly, it is possible to minimize the decrease of the stored 
charge of the electric motor battery. Furthermore, when 
the engine speed increases, the vibration that occu- 
pants experience is reduced. 

10 [0018] A fifth aspect of the invention is characterized 
in that when increasing engine speed, this is increased 
in stages as the elapsed time of vibration damping con- 
trol increases (for example, steps S13, S15 and S1 7). 
[0019] With such a construction, in the case where vi- 

*5 bration damping control is discontinued after a prede- 
termined time has passed, since the engine speed is 
increased in stages, and vibration damping control is 
discontinued in a state of lower sensation of vibration, 
occupants experience little unpleasant sensation 

20 caused by engine vibration. 

[0020] Incidentally, if vibration damping control is dis- 
continued when the engine speed is low, the difference 
in vibration felt physically between when vibration 
damping control is performed and when not performed 

25 is considerable, so that the unpleasant sensation expe- 
rienced by occupants increases when vibration damp- 
ing control is discontinued. 

[0021 ] A sixth aspect of the invention is characterized 
in that when the engine is idling (for example, a deter- 

30 mination of step SA1 in the embodiment), when the 
stored charge detected by the storage state monitoring 
device is greater (for example, a determination of step 
SA8 in the embodiment) than a predetermined stored 
charge threshold (for example, a first threshold value in 

35 the embodiment), vibration damping control for control- 
ling the vibration damping of the engine is performed by 
the electric motor (for example, processing of step SA1 4 
in the embodiment), and conversely, when the stored 
charge of the battery is less than or equal to the stored 

40 charge threshold value (for example, a determination of 
step SA8 in the embodiment), vibration damping control 
by the electric motor is inhibited (for example, process- 
ing of step SA10 in the embodiment), and when the 
stored charge of the battery detected by the storage 
state monitoring device is less than a predetermined 
second threshold that is lower than the stored charge 
threshold value (for example, determination of steps 
SB7 and SC7 in the embodiment), the idling speed of 
the engine is increased (for example, processing of 

so steps SB1 0 and SC11 in the embodiment). 

[0022] In this manner, when the stored charge of the 
battery detected by the storage state monitoring device 
is less than or equal to the predetermined stored charge 
threshold, vibration damping control by the electric mo- 

55 tor is stopped, and thus first of all power consumption is 
suppressed. However, the stored charge of the battery 
still decreases, and when the stored charge of the bat- 
tery detected by the storage state monitoring device is 
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less than the predetermined second threshold that is 
lower than the stored charge threshold, the idling speed 
of the engine is increased, and the drive torque of the 
engine is increased. As a result, it is possible to increase 
the torque that can be distributed as generation torque 
for the electric motor to generate electricity, enabling an 
increase in the amount of charge to the battery. 
[0023] In a seventh aspect of the invention, when the 
stored charge of the battery detected by the storage 
state monitoring device is the same as the second 
threshold or less than a third threshold that is even lower 
(for example, determinations of steps SB7 and SC7 in 
the embodiment), if the arrangement is such that me- 
chanical loads, other than the drive torque of the electric 
motor driven by the engine, are removed from the drive 
torque (for example, processing of steps SB9 and SCI 0 
in the embodiment), it is possible to further increase the 
torque that can be distributed as generation torque for 
the electric motor to generate electricity. 
[0024] In an eighth aspect of the invention, if a me- 
chanical load is either drive torque of an air conditioner 
compressor (for example, a compressor 27 in the em- 
bodiment) or creeping torque (for example, steps SB9 
and SC10 in the embodiment), since these torques are 
large it is possible to effectively increase the torque that 
can be distributed as generation torque for the electric 
motor to generate electricity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 



structure of a hybrid vehicle containing a second 
embodiment of a control apparatus of a hybrid ve- 
hicle of the present invention. 

FIG. 6 is a flow chart showing a part of the control 
content of vibration damping permission determina- 
tion control according to the second embodiment of 
a control apparatus for a hybrid vehicle of the 
present invention. 

FIG. 7 is a flow chart showing another part of the 
control content of the vibration damping permission 
determination control according to the second em- 
bodiment of a control apparatus for a hybrid vehicle 
of the present invention. 

FIG. 8 is a flow chart showing the control content of 
a first mechanical load control according to the sec- 
ond embodiment of a control apparatus for a hybrid 
vehicle of the present invention. 

FIG. 9 is a flow chart showing the control content of 
a second mechanical load control according to the 
second embodiment of a control apparatus for a hy- 
brid vehicle of the present invention. 

FIG . 1 0 is a characteristic diagram showing the con- 
trol characteristics of the generation of torque by an 
electric motor according to the second embodiment 
of a control apparatus for a hybrid vehicle of the 
present invention. 



15 



FIG. 1 is a schematic diagram showing the overall 
structure of a hybrid vehicle containing a first em- 
bodiment of a control apparatus for a hybrid vehicle 35 
of the present invention. 

FIG. 2 is a flow chart showing a part of the control 
content of vibration damping permission determina- 
tion control according to the first embodiment of the 40 
control apparatus for a hybrid vehicle of the present 
invention. 

FIG. 3 is a flow chart showing another part of the 
control content of the vibration damping permission 45 
determination control according to the first embod- 
iment of the control apparatus for a hybrid vehicle 
of the present invention. 

FIG. 4 shows a vibration damping inhibited region so 
and a vibration damping permitted region based on 
stored charge SOC of an electric motor battery and 
current value detected by a current sensor 22 in- 
stalled on a 12 volt system auxiliary equipment ac- 
cording to the first embodiment of the control appa- 55 
ratus for a hybrid vehicle of the present invention. 

FIG. 5 is a schematic diagram showing an overall 



EMBODIMENTS 
[First Embodiment] 

[0026] Hereinafter is a description of a first embodi- 
ment of a control apparatus for a hybrid vehicle of the 
present invention with reference to drawings. 
[0027] FIG. 1 is a schematic diagram of the overall 
structure of a parallel type hybrid vehicle. 
[0028] As shown in FIG. 1 , the hybrid vehicle has an 
engine 11, being an internal combustion engine which 
outputs the propulsion force of a vehicle, an electric mo- 
tor 12 linked to the engine 11 which assists the output 
from the engine 11 , and a transmission 13 including ei- 
ther an automatic transmission or a manual transmis- 
sion, to which the outputs from both the engine 11 and 
the electric motor 12 are transmitted. 
[0029] In this hybrid vehicle, the output from the trans- 
mission 13 is transmitted to driving wheels, which are 
not shown in the figure, and generates vehicle propul- 
sion. 

[0030] Furthermore in this hybrid vehicle, at the time 
of deceleration , driving force is transmitted from the driv- 
ing wheels to the electric motor 12 via the transmission 
1 3. At this time the electric motor 1 2 functions as a gen- 
erator to produce so called regenerative braking, and 
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the kinetic energy of the vehicle is recovered as electri- 
cal energy. 

[0031] The drive and regenerative braking of the elec- 
tric motor 12 are performed through a power drive unit 
16, which receives control instructions from an ECU 15 
serving as a control unit. 

[0032] The power drive unit 16 receives instruction 
signals from the ECU 15, and also functions as a vibra- 
tion damping device for controlling vibration caused by 
variations in torque from the engine 11. That is to say, 
the ECU 1 5 incorporates a control section 1 5a for vibra- 
tion damping. This control section 15a, as described in 
the prior art, generates a plurality of different sine waves 
in proportion to the rotational frequency of the output 
shaft of the engine 11 depending on the running condi- 
tions of the engine 1 1 , and generates a composite wave 
of these sine waves as a torque waveform for the electric 
motor 12 to generate electricity to reduce the variation 
in torque of the engine output shaft. The control section 
15a generates control instruction signals, and performs 
drive and regenerative control of the electric motor 12 
via the power drive unit 16 according to the composite 
wave torque waveform. 

[0033] Furthermore, the power drive unit 16 is con- 
nected to a high voltage system electric motor battery 
17, capable of storing electricity and transferring elec- 
trical energy to and from the electric motor 1 2. This bat- 
tery 17 is constructed from individual modules wherein, 
for example a plurality of cells is connected in series, 
with a plurality of these modules connected in series. 
The battery 1 7 for the electric motor stores electric pow- 
er generated by the electric motor 12 through regener- 
ative braking and electric power generated by the elec- 
tric motor 12 through the drive torque of the engine 11 . 
[0034] On the hybrid vehicle, a 1 2 volt auxiliary battery 
20 is installed for driving a range of 12 volt system aux- 
iliary equipment 18, such as lights, wipers, car stereo 
and the like. This auxiliary battery 20 is connected to the 
battery 17 via a downverter 21 . The downverter 21 re- 
duces the generated voltage of the electric motor 1 2 and 
the voltage of the battery 17, and charges the auxiliary 
battery 20. The downverter 21 and the auxiliary battery 
20 are connected to a current sensor 22 for detecting 
current flowing from them into the 12 volt system auxil- 
iary equipment 18, and the detection signal from this 
current sensor 22 is transmitted to the ECU 15. 
[0035] Furthermore, the battery 17 is connected lo a 
current sensor 24 for detecting current flowing from the 
power drive unit 1 6 and a voltage sensor 25 for detecti ng 
the voltage of the battery 17, and the detection signals 
from the sensors 24 and 25 are transmitted to the ECU 
15. The ECU 15 calculates stored charge SOC of the 
battery 1 7 based on the detection signal from the current 
sensor 24. As a result, the current sensor 24 and the 
ECU 15 comprise a storage state monitoring device 
which monitors the stored charge of the battery 17. 
[0036] In the case of an automatic transmission, the 
transmission 13 incorporates a clutch 30 for controlling 



the transmission of driving force from the engine 11 to 
the driving wheels under control instructions from the 
ECU 15. In the case where the D position of the trans- 
mission 13 is selected, even when idling the ECU 15 
5 does not normally cut transmission of the driving force 
from the engine 11 to the driving wheels completely by 
this clutch 30, but induces so-called creeping torque. 
[0037] Here, the ECU 1 5 is connected to injectors 32 
for injecting fuel into the engine 11 and an air valve 34 
10 that introduces air to the engine 11 and is capable of 
controlling the quantity independently of the opening 
and closing of a throttle valve 33. The ECU 15 adjusts 
the idling speed of the engine 11 by controlling the in- 
jectors 32 and the air valve 34. 
15 [0038] Furthermore the ECU 15, to which detection 
signals are input, is connected to a vehicle speed sensor 
36 for detecting vehicle speed V based on the speed of 
the driven wheels, an engine speed sensor 37 for de- 
tecting the speed Ne of the engine 11 , a brake switch 
20 38 for detecting operation or non-operation of the brake 
pedal, a throttle opening sensor 39 for detecting the 
opening TH of the throttle valve 33 of the engine 11 , an 
air intake passage pressure sensor 40 for detecting the 
air intake passage pressure PB of the engine 11 , and a 
25 water temperature sensor 41 for detecting the water 
temperature of the engine 11. 

[0039] In addition, in the case where the transmission 
1 3 is an automatic transmission, the ECU 1 5 is connect- 
ed to a shift position sensor 42 for detecting the gear 
30 shift position. On the other hand, in the case where the 
transmission 13 is a manual transmission, it is connect- 
ed to a clutch switch 43 for detecting operation or non- 
operation of the clutch pedal and a neutral switch 44 for 
detecting whether the gear of the transmission 13 is in 
35 neutral or not, and detection signals are input from the 
connected objects. 

[0040] The control detail of the ECU 15 will be de- 
scribed mainly with reference to the flow charts in FIG. 
2 and FIG. 3. 

40 [0041] The control section 15a incorporated in the 
ECU 15 performs vibration damping control for sup- 
pressing vibration of the engine 11 by performing drive 
and regeneration control of the electric motor 1 2 via the 
power drive unit 1 6. At this time, vibration damping per- 
45 mission determination control of whether or not condi- 
tions are in a region where performing vibration damping 
control is permitted, that is, whether it satisfies the per- 
mission conditions or not, is performed as follows. 
[0042] That is to say, in step S1 it is determined wheth- 
50 er an idling condition, from which it can be determined 
that the engine 1 1 is idling, is satisfied or not, by whether 
two conditions are satisfied or not by detection signals 
from the engine speed sensor 37 and the throttle open- 
ing sensor 39, the two conditions being a rotational 
55 speed condition in that the engine speed Ne is less than 
a predetermined value, and a valve opening condition 
in that the throttle valve opening TH is 0. 
[0043] In the case where it is determined in step S1 



5 



>nnm: <EP 1221394A1_I_> 



EP 1 221 394 A1 



10 



that at least one of the rotational speed condition and 
the valve opening condition is not satisfied, thus not sat- 
isfying the idling condition, a timer T1 is reset in step S2 
and vibration damping control is inhibited in step S3 
Hence power supply to the electric motor 12 from the s 
power drive unit 16 is stopped, and the present control 
terminates. 

[0044] Conversely, in the case where it is determined 
that the rotational speed condition and the valve open- 
ing condition are both satisfied in step S1 , thus satisfying io 
the idling condition, flow proceeds toward vibration 
damping permission in steps 4 and 4'. 
[0045] In this manner, the reason why flow proceeds 
toward vibration damping permission only when the 
idling condition is satisfied is that an engine is generally is 
in a low rotational speed region when in an idling state 
and occupants experience unpleasant vibrations Fur- 
thermore, the reason why flow proceeds toward vibra- 
tion damping inhibiting when the idling condition is not 
satisfied is that engine speed is comparatively high so 
when not in an idling state, so there is less unpleasant 
vibration for the occupants, and it is desirable for engine 
power to not be consumed for vibration damping control 
but be used for driving. 

[0046] In the case where the transmission 13 is a as 
manual transmission, in step S4 it is determined wheth- 
er a power transmission system condition is satisfied or 
not by whether at least one of a clutch disengaged con- 
dition, being that the clutch is disengaged, or a neutral 
condition, being that the gear shift is in neutral, is satis- so 
fied or not, by detection signals from the clutch switch 
43 and the neutral switch 44. 

[0047] On the other hand, in the case where the trans- 
mission 13 is an automatic transmission, in step S4' it 
is determined whether a power transmission system 35 
condition is satisfied or not by whether at least one of a 
dnve disengaged condition, being that the gear shift is 
in P position or N position, or a brake on condition being 
that the brake is on, is satisfied or not, by detection sig- 
nals from the shift position sensor 42 and the brake w 
switch 38. 

[0048] If the transmission 13 is a manual transmis- 
sion, in the case where it is determined in step S4 that 
neither the clutch disengaged condition nor the neutral 
condition is satisfied, thus not satisfying the powertrans- 45 
mission system condition, then in step S2 a timer T1 is 
reset, and in step S3 vibration damping control is inhib- 
ited. Hence power supply to the electric motor 12 from 
the power drive unit 1 6 is stopped, and the present con- 
trol is terminated. so 
[0049] On the other hand, if the transmission 13 is an 
automatic transmission, in the case where it is deter- 
mined in step S4' that neither the drive disengaged con- 
dition nor the brake on condition is satisfied, thus not 
satisfying the power transmission system condition 55 
then in step S2 the timer T1 is reset, and in step S3 vi- 
bration damping control is inhibited. Hence power sup- 
ply to the electric motor 1 2 from the power drive unit 1 6 



is stopped, and the present control is terminated 
[0050] Conversely, if the transmission 13 is a manual 
transmission, in the case where it is determined in step 
S4 that at least one of the clutch disengaged condition 
and the neutral condition is satisfied, thus satisfying the 
power transmission system condition, flow proceeds to- 
ward vibration damping permission in step S5. 
[0051] On the other hand, if the transmission 13 is an 
automatic transmission, in the case where it is deter- 
mined in step S4" that at least one of the drive disen- 
gaged condition and the brake on condition is satisfied 
thus satisfying the power transmission system condi- 
tion, flow proceeds toward vibration damping permis- 
sion in step S5. 

[0052] In this manner, whether a manual transmission 
or an automatic transmission, the reason why flow pro- 
ceeds toward vibration damping permission only when 
the driving force of the engine 11 is not transmitted to 
the driving wheels via the power transmission system is 
that, hypothetically, in the case where the driving force 
of the engine is transmitted to the driving wheels it 
means that the vehicle is running, and as a result the 
vehicle is influenced at this time by the roughness of the 
road surface via the wheels, and vibration caused by the 
road surface condition occurs. Hence performing vibra- 
tion damping control of the engine is meaningless 
[0053] In step S5 it is determined whether an engine 
speed condition, being that the engine speed Ne is with- 
in a prescribed range where vibration damping is re- 
quired, is satisfied or not, by a detection signal from the 
engine speed sensor 37. In the case where it is deter- 
mined that the engine speed condition is not satisfied 
then in step S2 the timer T1 is reset, and in step S3 vi- 
bration damping control is inhibited. Hence power sup- 
ply to the electric motor 12 from the power drive unit 16 
is stopped, and the present control is terminated 
[0054] Conversely, in the case where it is determined 
in step S5 that the engine speed condition is satisfied 
flow proceeds toward vibration damping permission in 
stop S6. 

[0055] In this manner, the reason why flow proceeds 
toward vibration damping permission only when the en- 
gine speed Ne is within a prescribed range is to avoid a 
case where the engine speed Ne is too low, and the ro- 
tation of the engine not stable, thus creating a situation 
in which performing vibration damping control stops the 
engine. Furthermore, conversely in the case where the 
engine speed Ne is too high, little vibration that is un- 
pleasant to occupants occurs, so that there is no re- 
quirement for vibration damping control to be per- 
formed. In addition, another reason is that it is desirable 
to use the engine output for driving as much as possible 
and not for vibration damping. 

[0056] In step S6 it is determined whether an engine 
negative pressure condition, being that the engine neg- 
ative pressure PB is within a prescribed range which 
when low can be used to determine that the engine load 
is low is satisfied or not, by a detection signal from the 
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air intake passage pressure sensor 40. 
[0057] Then , in the case where it is determined in step 

56 that the engine negative pressure condition is not 
satisfied, in step S2 the timer T1 is reset, and in step S3 
vibration damping control is inhibited. Hence powersup- 
ply to the electric motor 1 2 from the power drive unit 1 6 
is stopped, and the present control is terminated. 
[0058] Conversely, in the case where it is determined 
in step S6 that the engine negative pressure condition 
is satisfied, flow proceeds toward vibration damping per- 
mission in step S7. 

[0059] In this manner, the reason why flow proceeds 
toward vibration damping permission only when the en- 
gine negative pressure condition is within a prescribed 
range is to avoid a case where the engine negative pres- 
sure PB is too low, and the rotation of the engine 11 not 
stable, thus creating a situation in which performing vi- 
bration damping control stops the engine. Furthermore 
another reason is that conversely, in the case where the 
engine negative pressure PB is too high, which is a case 
where it is desired to put load onto the engine 11, it is 
desirable to use the engine output for driving as much 
as possible, and not for vibration damping. 
[0060] Here : in this manner detection of the engine 
negative pressure PB is one means of determining the 
loading state of the engine. However, othersensors may 
be used to determine the engine load. In essence, it is 
sufficient to determine whether vibration damping con- 
trol should be performed or not depending on the load- 
ing state of the engine. 

[0061] In step S7 it is determined whether a vehicle 
speed condition, being that the vehicle speed V is less 
than a predetermined value that determines that the ve- 
hicle is stopped, is satisfied or not, by a detection signal 
from the vehicle speed sensor 36. 
[0062] Then, in the case where it is determined in step 

57 that the vehicle speed condition is not satisfied, in 
step SA2 the timer T1 is reset, and in step SA3 vibration 
damping control is inhibited. Hence power supply to the 
electric motor 12 from the power drive unit 1 6 is stopped, 
and the present control is terminated. 

[0063] Conversely, in the case where it is determined 
in step S6 that the vehicle condition is satisfied, flow pro- 
ceeds toward vibration damping permission in step S8. 
[0064] In this manner, the reason why flow proceeds 
toward vibration damping permission only when the ve- 
hicle speed V is less than a predetermined value is that 
in the case where the vehicle travels at such a speed as 
is determined to be not stopped, the vehicle is influ- 
enced by factors other than engine vibration, such as 
the roughness of the road surface and the like, and per- 
forming vibration damping control at this time only for 
the engine is meaningless. 

[0065] In step S8 it is determined whether a water 
temperature condition, being that the engine water tem- 
perature TW is greater than a predetermined value that 
determines that the engine 1 1 is warm enough, is satis- 
fied or not, by a detection signal from the water temper- 
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ature sensor 41 . 

[0066] Then , in the case where it is determined in step 
S7 that the water temperature condition is not satisfied, 
in step S2 the timer T1 is reset, and in step S3 vibration 
5 damping control is inhibited. Hence power supply to the 
electric motor 1 2 from the power drive unit 1 6 is stopped, 
and the present control is terminated. 
[0067] Conversely, in the case where it is determined 
in step S8 that the water temperature condition is satis- 
fy tied, flow proceeds toward vibration damping permis- 
sion in step S9. 

[0068] In this manner, the reason why flow proceeds 
toward vibration damping permission only when it is de- 
termined from the engine water temperature that the en- 
's gine 11 is warm enough, is to avoid a case where per- 
forming vibration damping control stops the engine be- 
cause the engine is not warm, but is being warmed, and 
the engine rotation is not stable. 

[0069] In step S9 it is determined whether a stored 
20 charge condition is satisfied or not, being that the stored 
charge SOC of the battery 1 7, which is monitored based 
on an output from the current sensor 24, is greater than 
a predetermined stored charge threshold (for example 
25% in the case where the stored charge is falling, or 
25 30% in the case where the stored charge is rising) that 
determines that it is sufficient for vibration damping con- 
trol (refer to FIG. 4). 

[0070] In the case where it is determined in step S9 
that the stored charge condition is not satisfied, then in 

30 step S2 the timer T1 is reset, and in step S3 vibration 
damping control is inhibited. Hence power supply to the 
electric motor 1 2 from the power drive unit 1 6 is stopped 
[0071] Here, at this time a generation torque limit is 
set to a predetermined upper limit (for example, 

35 i .5kgfm), and the electric motor 12 may be controlled 
so as to charge the electric motor battery 1 7 via the pow- 
er drive unit 16, such that the electric motor 12 gener- 
ates electricity from the drive of the engine 1 1 within this 
torque limit. 

-to [0072] Here, to describe FIG. 4, this shows regions 
(Za and Zb) where vibration damping control is inhibited, 
a region (Zc) where it is permitted, and furthermore a 
time limited permission region (Zd), based on only the 
stored charge SOC of the electric motor battery 1 7 mon- 

45 itored based on an output from the current sensor 24, 
and a current value EL, being a detection signal from 
the current sensor 22 installed on the 12 volt system 
auxiliary equipment 18. 

[0073] That is to say, in FIG. 4 the horizontal axis rep- 
50 resents the stored charge SOC of the battery 17, mon- 
itored based on an output from the current sensor 24, 
and the vertical axis represents current value EL. being 
a detection signal from the current sensor 22 installed 
on the 12 volt system auxiliary equipment 18. 
55 [0074] As shown in FIG. 4, between the stored charge 
SOC of the electric motor battery and the current value 
EL, being a detection signal from the current sensor, the 
stored charge SOC of the electric motor battery 1 7 takes 
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priority. Firstly, when this stored charge SOC is less than 
or equal to a predetermined stored charge threshold, 
that is, there is little surplus of stored charge SOC, vi- 
bration damping is inhibited (Za) : and conversely when 
it is greater than the predetermined stored charge 5 
threshold, that is, there is some surplus of stored charge 
SOC, vibration damping is permitted (Zc and Zd). 
[0075] Furthermore, even in the same vibration 
damping permitted regions, unrestricted vibration 
damping control may be performed without a time limit, 
or vibration damping control may be performed with a 
time limit, depending on the current value EL, being a 
detection signal from the current sensor 22, in other 
words the motor-driven load state of the vehicle at the 
present time excepting the electric motor. That is to say, 
in the case where the current value EL is less than or 
equal to a predetermined EL (electrical load) threshold 
(for example, 35 amps), vibration damping is permitted 
with no condition (Zc), and in the case where the current 
value EL exceeds the EL threshold value, vibration 
damping is permitted with a time limit (Zd). Details will 
be described later. 

[0076] In the abovementioned step S9, in the case 
where it is determined that the stored charge condition 
is satisfied, then the battery 1 7 is not charged, the elec- 
tric motor 1 2 is controlled by the power drive unit 1 6 nor- 
mally such that the detection signal from the current sen- 
sor 24 attached to the electric motor battery 17, in other 
words the current value, becomes 0 ; and flow proceeds 
toward vibration damping permission in step S10. 
[0077] In this manner, the reason why vibration damp- 
ing control is permitted only in the case where the stored 
charge SOC of the electric motor battery 17 is greater 
than the predetermined stored charge threshold value, 
is to avoid a case where performing vibration damping 35 
control makes the electric power produced by the en- 
gine insufficient, because vibration damping control us- 
ing the electric motor requires a certain amount of en- 
ergy, and hence in the case where the power deficiency 
is drawn from the electric motor battery, if there is no 40 
surplus in the electric motor battery the stored charge 
of the electric motor battery 17 is reduced, and in an 
extreme case there is a possibility that assistance can- 
not be given to the engine by the electric motor even if 
required. 45 
[0078] Furthermore, the reason why hysteresis is pro- 
vided by setting two threshold values for the case where 
the stored charge is falling (25 percent in the case of 
this embodiment) and the case where the stored charge 
is rising (30 percent in the case of this embodiment), is so 
to prevent control hunting. 

[0079] Here : in this embodiment, the stored charge 
SOC of the battery 17 is monitored directly in order to 
detect the stored charge of the electric motor battery 1 7. 
Alternatively, the stored charge of the battery 1 7 may be 55 
monitored by detecting the discharge rate of the battery. 
[0080] In step S10 it is determined whether a 12 volt 
system consumption condition is satisfied or not, by a 



detection signal from the current sensor 22, being that 
a current value EL (electrical load of the vehicle except 
the electric motor) from the current sensor 22, indicating 
the amount of electricity consumed by the 12 volt system 
auxiliary equipment 1 8, is less than or equal to a prede- 
termined electrical load threshold (for example, 35 
amps) that determines that in the case where vibration 
damping control is performed by the electric motor 12, 
the current value EL is an amount such that electricity 
is drawn from the battery 1 7. 

[0081] Then, in the case where the 12 volt system 
consumption condition is satisfied in step S1 0, vibration 
damping control can be performed without any problem 
at the battery 17 side, and with no time limit provided. 
Therefore, in step S11 power is supplied to the electric 
motor 12 by the power drive unit 1 6, vibration damping 
control is set to an active state, and the present control 
is terminated. 

[0082] Conversely, in the case where it is determined 
in step S10 that the 12 volt system consumption condi- 
tion is not satisfied; flow proceeds to step S12. Then, 
although vibration damping control is permitted, the ar- 
rangement is such that vibration damping control is per- 
mitted but for a predetermined time limit, and also en- 
gine speed is increased as the elapsed time of vibration 
damping control increases. To be specific, this is de- 
scribed in the following steps S12 through step S18. 
[0083] Firstly, in step S1 2, the time of the timer T1 is 
determined. 

[0084] In the case where, in step S12, the time of the 
timer T1 is less than a predetermined first stage time 
(specifically shorterthan 3 minutes) that determines that 
an idling state has just begun and so there is little influ- 
ence on the stored charge SOC of the battery 1 7, then 
in step S13 the idling speed Ne of the engine 11 is set 
to a low predetermined fixed first idling speed (specifi- 
cally 900rpm), by the injectors 32 and the air valve 34, 
and in step S1 4 power is supplied to the electric motor 
12 from the power drive unit 16, vibration damping con- 
trol is set to an active state, and the present control is 
terminated. 

[0085] Furthermore, in the case where, in step 1 2, the 
time of the timer T1 is less than a predetermined second 
stage time (specifically shorter than 5 minutes) that de- 
termines that the idling state has continued for a long 
time and so there is some influence on the stored charge 
SOC, then in step S1 5 the idling speed Ne of the engine 
11 is set to a predetermined second idling speed (spe- 
cifically 950rpm), which is higher than the first idling 
speed, by the injectors 32 and the air valve 34, and in 
step S1 6 power is supplied to the electric motor 1 2 from 
the power drive unit 1 6, vibration damping control is set 
to an active state, and the present control is terminated. 
[0086] Moreover, in the case where, in step S12, the 
time of the timer T1 is greater than or equal to the pre- 
determined second stage time (specifically greaterthan 
or equal to 5 minutes) that determines that the idling 
state has continued for a significantly long time and so 
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there is a considerable influence on the stored charge 
SOC, then in step S1 7 the idling speed Ne of the engine 
11 is set to a predetermined third idling speed (specifi- 
cally 1000rpm), which is higher than the second idling 
speed, by the injectors 32 and the air valve 34, and in 
step S18 vibration damping control is inhibited. Hence 
power supply to the electric motor 1 2 from the power 
drive unit 16 is stopped, and the present control is ter- 
minated. 

[0087] In this manner, the reason why vibration damp- 
ing is permitted unconditionally, with no time limit, in the 
case where the current value EL, being a signal detect- 
ed from the current sensor 22, is less than or equal to 
the predetermined EL threshold, is that there is little pos- 
sibility that the stored charge of the battery has de- 
creased considerably because the current value EL is 
small, so the engine 11 can generate a sufficient elec- 
tricity supply even if vibration damping control is per- 
formed, with a result thai even if vibration damping con- 
trol is performed for a long time : the amount of power 
drawn from the electric motor battery 17 is small. 
[0088] Conversely, the reason why vibration damping 
is permitted with a time limit in the case where the cur- 
rent value EL, being a detection signal from the current 
sensor 22, exceeds the predetermined EL threshold, is 
that there is a possibility that the stored charge of the 
electric motor battery may reduce significantly if there is 
no time limit, because the electrical load of the vehicle 
at the presenttime is high, so if further vibration damping 
control is performed, then the amount of power drawn 
from the electric motor battery 1 7 will increase. 
[0089] Furthermore, the reason why the engine speed 
Ne is increased as the elapsed time of vibration damping 
control increases when vibration damping control is per- 
formed within a predetermined time limit (Zd), is that an 
increase in engine speed increases the electric power 
produced by the engine 11 , thus reducing the amount 
of power drawn from the electric motor battery 17. 
[0090] Moreover, the reason why the engine speed is 
increased in stages (900rpm ? 950rpm ? 1000rpm) as 
the elapsed time of vibration damping control increases 
as mentioned above, is that after a predetermined time 
(five minutes in this embodiment) has passed, if vibra- 
tion damping control is suddenly discontinued while the 
engine speed is low, the unpleasant sensation experi- 
enced by occupants increases, but in the case where 
vibration damping control is discontinued in a state 
where the engine speed is increased in stages in this 
manner, there is a lower sensation of vibration and the 
occupants experience little unpleasantness. 
[0091] Here, as shown in FIG. 4, while not described 
in the flow charts in FIG. 2 and FIG. 3, in the case where 
the current value EL, being a detection signal from the 
current sensor 22, is less than a predetermined EL min- 
imum threshold (20A in this embodiment), even if the 
stored charge SOC of the battery is greaterthan or equal 
to the stored charge threshold value, vibration damping 
control is inhibited (refer to Zb in the figure). To be spe- 
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cific, this is a case where the air conditioner is disen- 
gaged, and the power transmission system is in a dis- 
engaged state, or the like, and so the electrical load of 
the vehicle is extremely small, and hence the load added 
5 to the engine 1 1 is small, so there is no need to perform 
vibration damping. 

[0092] In this manner, if the stored charge SOC of the 
battery 17 detected by the current sensor 24 and the 
ECU 15 becomes less than or equal to the predeter- 

10 mined stored charge threshold : by inhibiting vibration 
damping control by the electric motor 12, power con- 
sumption is reduced, and further reduction of the stored 
charge of the electric motor battery 1 7 is avoided as 
much as possible. 

15 [0093] Furthermore, even in the case where the 
stored charge SOC of the battery 17 detected by the 
current sensor 24 and the ECU 15 exceeds the prede- 
termined stored charge threshold, when the current val- 
ue EL, being a detection signal from the current sensor 

20 22, exceeds the predetermined EL threshold, vibration 
damping control is permitted with a time limit. In this 
manner, performing vibration damping control prevents 
an unrestricted large amount of power from being drawn 
continuously from the electric motor battery 17 in ad- 

25 vance, so that the stored charge of the electric motor 
battery 1 7 can be maintained. 

[Second Embodiment] 

30 [0094] Hereunder is a description of a second embod- 
iment of a control apparatus for a hybrid vehicle of the 
present invention with reference to drawings. Here, in 
the following description, the same symbols are used 
for similar elements to the first embodiment, and de- 
35 tailed descriptions are omitted. 

[0095] FIG. 5 is a schematic diagram showing an 
overall structure of a parallel type hybrid vehicle of the 
second embodiment of a control apparatus of a hybrid 
vehicle of the present invention. 
40 [0096] An engine 11 is linked to a compressor 27 of 
an air conditioner, being auxiliary equipment, via a 
clutch 28. The compressor27 is driven by the engine 11 
when the clutch 28 is engaged by a control instruction 
from an ECU 15, and is disconnected from the drive of 
45 the engine 1 1 when the clutch is disengaged by a control 
instruction from the ECU 15. The drive torque to drive 
this compressor 27 is a mechanical load on the engine 
1 1 . 

[0097] Furthermore, in the case of an automatic trans- 
50 mission, a transmission 13 incorporates a clutch 30 for 
controlling the transmission of driving force from the en- 
gine 11 to the driving wheels under control instructions 
from the ECU 15. In the case where the D position of 
the transmission 13 is selected, even when idling the 
55 ECU 1 5 does not normally cut transmission of the driv- 
ing force from the engine 11 to the driving wheels com- 
pletely by this clutch 30, but induces so-called creeping 
torque. Such creeping torque of the drive transmission 
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system is also a mechanical load on the engine 11 . 
[0098] The control content of the ECU 15 will be de- 
scribed with reference to the flow charts in FIG. 6 
through FIG. 9. 

[0099] The ECU 15 performs vibration damping per- 
mission determination control of whether or not condi- 
tions are in a region where performing vibration damping 
control is permitted for suppressing vibration of the en- 
gine 1 1 by controlling power supplied to the electric mo- 
tor 12, as follows (refer to FIG. 6 and FIG. 7). 
[0100] That is to say, in step SA1 it is determined 
whether an idling condition, from which it can be deter- 
mined that the engine 11 is idling, is satisfied or not, by 
whether two conditions are satisfied or not by detection 
signals from the engine speed sensor 37 and the throttle 
opening sensor 39, the two conditions being a rotational 
speed condition in that the engine speed Ne is less than 
a predetermined value, and a valve opening condition 
in that the throttle valve opening TH is 0. 
[0101] In the case where it is determined in step SA1 
that at least one of the rotational speed condition and 
the valve opening condition is not satisfied, thus not sat- 
isfying the idling condition, a timer T1 is reset in step 
SA2, and vibration damping control is inhibited in stop 
SA3. Hence power supply to the electric motor 12 from 
the power drive unit 1 6 is stopped, and the present con- 
trol terminates. 

[0102] Furthermore, in the case where it is deter- 
mined in step SA1 that the rotational speed condition 
and the valve opening condition are both satisfied, thus 
satisfying the idling condition, and also the transmission 
13 is a manual transmission, then in step S4 it is deter- 
mined whether a transmission system condition is sat- 
isfied or not by whether at least one of a clutch disen- 
gaged condition, being that the clutch is disengaged, or 
a neutral condition, being that the gear shift is in neutral, 
is satisfied or not, by detection signals from the clutch 
switch 43 and the neutral switch 44. 
[0103] On the other hand, in the case where it is de- 
termined in step SA1 that the rotational speed condition 
and valve opening condition are both satisfied, thus sat- 
isfying the idling condition , and also the transmission 1 3 
is an automatic transmission, then in step SA4* it is de- 
termined whether a transmission system condition is 
satisfied or not by whether at least one of a drive disen- 
gaged condition, being that the gear shift is in P position 
or N position, and a brake on condition, being that the 
brake is on, is satisfied or not, by detection signals from 
the shift position sensor 42 and the brake switch 38. 
[0104] If the transmission 13 is a manual transmis- 
sion, in the case where it is determined in step SA4 that 
neither the clutch disengaged condition nor the neutral 
condition is satisfied, thus not satisfying the transmis- 
sion system condition, then in step SA2 a timer T1 is 
reset, and in step SA3 vibration damping control is in- 
hibited. Hence power supply to the electric motor 12 
from the power drive unit 1 6 is stopped, and the present 
control is terminated. 
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[01 05] On the other hand, if the transmission 1 3 is an 
automatic transmission, in the case where it is deter- 
mined in step SA4' that neither the drive disengaged 
condition nor the brake on condition is satisfied, thus not 

5 satisfying the transmission system condition, then in 
step SA2 the timer T1 is reset, and in step SA3 vibration 
damping control is inhibited. Hence power supply to the 
electric motor 1 2 from the power drive unit 1 6 is stopped, 
and the present control is terminated. 

10 [0106] Conversely, if the transmission 13 is a manual 
transmission, in the case where it is determined in step 
SA4 that at least one of the clutch disengaged condition 
and the neutral condition is satisfied, thus satisfying the 
transmission system condition, flow proceeds toward vi- 

'5 bration damping permission in step SA5. 

[01 07] On the other hand, if the transmission 1 3 is an 
automatic transmission, in the case where it is deter- 
mined in step SA4' that at least one of the drive disen- 
gaged condition and the brake on condition is satisfied, 

20 thus satisfying the transmission system condition, flow 
proceeds toward vibration damping permission in step 
S5. 

[0108] In step S5 it is determined whether an engine 
negative pressure condition, being that the engine neg- 

^5 ative pressure PB, indicating the engine load, is less 
than a prescribed value which when low can be used to 
determine that the engine load is low, is satisfied or not, 
by a detection signal from the air intake passage pres- 
sure sensor 40. 

30 [0109] Then, in the case where it is determined instep 
SA5 that the engine negative pressure condition is not 
satisfied, in step SA2 the timer T1 is reset, and in step 
SA3 vibration damping control is inhibited. Hence power 
supply to the electric motor 1 2 from the power drive unit 

35 16 is stopped, and the present control is terminated. 
[01 10] Conversely, in the case where it is determined 
in step SA5 that the engine negative pressure condition 
is satisfied, then in step S6 it is determined whether a 
vehicle speed condition, being that the vehicle speed V 

•to is less than a predetermined value that determines that 
the vehicle is stopped, is satisfied or not, by a detection 
signal from the vehicle speed sensor 36. 
[0111] Then, in the case where it is determined in step 
SA6 that the vehicle condition is not satisfied, in step 

** SA2 the timer T1 is reset, and in step SA3 vibration 
damping control is inhibited. Hence power supply to the 
electric motor 1 2 from the power drive unit 1 6 is stopped, 
and the present control is terminated. 
[01 12] Conversely, in the case where it is determined 

50 in step SA6 that the vehicle speed condition is satisfied, 
then in step SA7 it is determined whether a water tem- 
perature condition, being that the engine water temper- 
ature TW is greater than a predetermined value that de- 
termines that the engine 11 is warm enough, is satisfied 

55 or not, by a detection signal from the water temperature 
sensor 41 . 

[0113] Then, in the case where it is determined in step 
SA7 that the water temperature condition is not satis- 
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fied, in step SA2 the timer T1 is reset, and in step SA3 
vibration damping control is inhibited. Hence power sup- 
ply to the electric motor 1 2 from the power drive unit 1 6 
is stopped, and the present control is terminated. 
[0114] Conversely, in the case where it is determined 
in step SA7 that the water temperature condition is sat- 
isfied, then in step SA8 it is determined whether a stored 
charge condition is satisfied or not : being that the 
stored'charge SOC of the battery 1 7, which is monitored 
based on an output from the current sensor 24. is great- 
erthan a predetermined stored charge threshold (for ex- 
ample 25%) that determines that it is sufficient for vibra- 
tion damping control. 

[01 15] In the case where it is determined in stop SA8 
that the stored charge condition is not satisfied, then in 
step SA9 the timer T1 is reset, and in stop SA10 vora- 
tion damping control is inhibited. Hence power supply 
to the electric motor 12 from the power drive unit 16 is 
stopped. Then, in step SA1 1 , a generation loique lirnil 
is set to a predetermined first upper limit (fot example. 
1.5kgfm), and the electric motor 12 is controlled so as 
to charge the electric motor battery 17 via the power 
drive unit 16, such that the electric motor 12 generates 
electricity from the drive of the engine 11 within this 
torque limit. Atthis time, the power drive unit 16conlrols 
how much generation torque the electric motor 12 gen- 
erates according to the characteristics shown in FIG 1 0. 
[0116] That is to say : in FIG. 10 the horizontal axis 
represents current value EL, being a detection signal 
from a current sensor 22 installed on a 12 volt system 
auxiliary equipment 1 8 ; and the vertical axis represents 
generation torque of the electric motor 1 2. Line a in FIG. 
10 represents the electrical load by the 12 volt system 
auxiliary equipment 18, and line b in FIG. 10 represents 
a control line when the transmission 13 is an automatic 
transmission, a clutch 28 of an air conditioner is en- 
gaged, a compressor 27 is on, and a condition deter- 
mined from a detection signal from a shift position sen- 
sor 42, where a clutch 30 is engaged but slipping, and 
creeping torque occurs on the driving side, in other 
words, that the gear shift is in D position. 
[0117] Furthermore, line c in FIG. 10 represents a 
control line when the transmission 13 is a manual trans- 
mission and the compressor 27 of the air conditioner is 
turned on, or when the transmission 13 is an automatic 
transmission, the compressor 27 of the air conditioner 
is turned on, and creeping torque occurs on the driving 
side. 

[0118] Moreover, line din FIG. 10 represents a control 
line when the transmission 1 3 is a manual transmission 
and the compressor 27 of the air conditioner is turned 
off, or when the transmission 13 is an automatic trans- 
mission, the compressor 27 of the air conditioner is 
turned off, and creeping torque does not occur on the 
driving side. 

[01 1 9] If control is performed according to these con- 
trol lines, for example, in the case where the transmis- 
sion 1 3 is an automatic transmission, the current value 



EL, being a detection signal from the current sensor 22, 
is 1 0 amps, and in a situation where the compressor 27 
is on and creeping torque occurs, that is, in a situation 
where the mechanical load on the engine 1 1 is high, the 
5 electric motor 12 is controlled by the power drive unit 16 
such that the generation torque of the electric motor 12 
is reduced according to the control line b. Furthermore, 
when the compressor 27 is on, or when creeping torque 
occurs, that is, in a situation where the mechanical load 
10 on the engine 11 is low, the electric motor 12 is controlled 
by the power drive unit 16 such that the generation 
torque of the electric motor 12 is increased higher than 
the above described value according to the control line 
c. Moreover, in a situation where the compressor 27 is 
75 off, and creeping torque does not occur, that is, in a sit- 
uation where the mechanical load on the engine 11 is 
even lower, the electric motor 12 is controlled by the 
power drive unit 16 such that the generation torque of 
the electric motor 12 is increased higher than the above 
~o described value according to the control line d. 

[0120] As described above, in a situation where the 
mechanical load other than the electric motor 1 2 is high , 
then if the generation torque of the electric motor 12 is 
high, the load on the engine 11 becomes high. Hence 
?s the generation torque of the electric motor 12 is reduced. 
In a situation where the mechanical load other than the 
electric motor 12 is low, then even if the generation 
torque of the electric motor 1 2 is increased, the load on 
the engine 11 does not become great. Hence generation 
30 torque of the electric motor 12 is increased. 

[0121] Conversely, in step SA8, in the case where it 
is determined that the stored charge condition is satis- 
fied, then the battery 17 is not charged, and hence the 
electric motor 1 2 is controlled by the power drive unit 16 
35 normally such that the detection signal from the current 
sensor 24 attached to the battery 1 7, in other words the 
current value, becomes 0. Moreover, in step SA13 it is 
determined whether a 1 2 volt system consumption con- 
dition is satisfied or not, by a detection signal from the 
-*o current sensor 22, being that a current value EL from 
the current sensor 22, indicating the amount of electric- 
ity consumed by the 1 2 volt system auxiliary equipment 
18, is less than or equal to a predetermined value (for 
example, 35 amps) that determines that in the case 
-ts where vibration damping control is performed by the 
electric motor 12, the current value EL is an amount 
such that electricity is drawn from the battery 1 7. 
[0122] Then, in the case where the 12 volt system 
consumption condition is satisfied in step SA13, vibra- 
to tion damping control can be performed without any 
problem at the battery 17 side. Therefore, in step SA14 
power is supplied to the electric motor 12 by the power 
drive unit 16, vibration damping control is set to an active 
state, and the present control is terminated. 
55 [0123] Conversely, in the case where it is determined 
in step SA1 2 that the 1 2 volt system consumption con- 
dition is not satisfied, in step SA1 5 the time of the timer 
T1 is determined. 
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[0124] In the case where, in step SA15, the time of 
the timer T1 is less than a predetermined first stage time 
(specifically shorter than 3 minutes) that determines that 
an idling state has just begun and so there is little influ- 
ence on the stored charge SOC of the battery 1 7, then 5 
in step S A1 6 the idling speed Ne of the engine 1 1 is set 
to a low predetermined fixed first idling speed (specifi- 
cally 900rpm), by the injectors 32 and the air valve 34, 
and in step SA1 7 power is supplied to the electric motor 
12 from the power drive unit 16, vibration damping con- 
trol is set to an active state, and the present control is 
terminated. 

[0125] Furthermore, in the case where, in step SA15, 
the time of the timer T1 is less than a predetermined 
second stage time (specifically shorter than 5 minutes) 
that determines that the idling state has continued for a 
long time and so there is some influence on the stored 
charge SOC, then in step SA18 the idling speed Ne of 
the engine 11 is set to a predetermined second idling 
speed (specifically 950rpm), which is higher than the 
first idling speed, by the injectors 32 and the air valve 
34, and in step SA19 power is supplied to the electric 
motor 1 2 from the power drive unit 1 6, vibration damping 
control is set to an active state, and the present control 
is terminated. 

[01 26] Moreover, in the case where, in step SA15, the 
time of the timer T1 is greater than or equal to the pre- 
determined second stage time (specifically greater than 
or equal to 5 minutes) that determines that the idling 
state has continued for a considerably long time and so 
there is a considerable influence on the stored charge 
SOC, then in step SA20 the idling speed Ne of the en- 
gine 1 1 is setto a predetermined third idling speed (spe- 
cifically 1 0OOrpm), which is higherthan the second idling 
speed, by the injectors 32 and the air valve 34, and in 
step SA21 vibration damping control is inhibited. Hence 
power supply to the electric motor 12 from the power 
drive unit 16 is stopped, and the present control is ter- 
minated. 

[0127] In this embodiment, the ECU 15 further con- 
trols the following first mechanical load control, concur- 
rently with the vibration damping permission determina- 
tion control (refer to FIG. 8). 

[01 28] Firstly, in step SB1 it is determined whether an 
idling condition, from which it can be determined that the 
engine 11 is idling, is satisfied or not, by whether two 
conditions are satisfied or not by detection signals from 
the engine speed sensor 37 and the throttle opening 
sensor 39, the two conditions being a rotational speed 
condition in that the engine speed Ne is less than a pre- 
determined value, and a valve opening condition in that 
the throttle valve opening TH is 0. 
[0129] In the case where it is determined in step SB1 
that at least one of the rotational speed condition and 
the valve opening condition is not satisfied, thus not sat- 
isfying the idling condition, a timer T1 is reset in step 
SB2, and the present control terminates. 
[0130] Furthermore, in the case where it is deter- 



mined in step SB1 that the rotational speed condition 
and the valve opening condition are both satisfied, thus 
satisfying the idling condition, and also the transmission 
13 is a manual transmission, then in step SB3 it is de- 
termined whether a transmission system condition is 
satisfied or not by whether at least one of a clutch dis- 
engaged condition, being that the clutch is disengaged, 
and a neutral condition, being that the gear shift is in 
neutral is satisfied, by detection signals from the clutch 
switch 43 and the neutral switch 44. 
[0131] On the other hand, in the case where it is de- 
termined in step SB1 that the rotational speed condition 
and valve opening condition are both satisfied, thus sat- 
isfying the idling condition, and also the transmission 13 
is an automatic transmission, then in step SB3' it is de- 
termined whether a transmission system condition is 
satisfied or not by whether at least one of a drive disen- 
gaged condition, being that the gear shift is in P position 
or N position, and a brake on condition, being that the 
brake is on is satisfied, by detection signals from the 
shift position sensor 42 and the brake switch 38. 
[0132] If the transmission 13 is a manual transmis- 
sion, in the case where it is determined in step SB3 that 
neither the clutch disengaged condition nor the neutral 
condition is satisfied, thus not satisfying the transmis- 
sion system condition, then in step SB2 a timer T1 is 
reset, and the present control is terminated. 
[0133] On the other hand, if the transmission 13 is an 
automatic transmission, in the case where it is deter- 
mined in step SB3* that neither the drive disengaged 
condition northe brake on condition is satisfied, thus not 
satisfying the transmission system condition, in step 
SB2 the timer T2 is reset, and the present control is ter- 
minated. 

[0134] Conversely, if the transmission 13 is a manual 
transmission, in the case where it is determined in step 
SB3 that at least one of the clutch disengaged condition 
and the neutral condition is satisfied, thus satisfying the 
transmission system condition, flow proceeds to step 
SB4. 

[0135] On the other hand, if the transmission 13 is an 
automatic transmission, in the case where it is deter- 
mined in step SB3' that at least one of the drive disen- 
gaged condition and the brake on condition is satisfied, 
thus satisfying the transmission system condition, flow 
proceeds to step SB4. 

[0136] In step SB4 it is determined whether an engine 
negative pressure condition, being that the engine neg- 
ative pressure PB, indicating the engine load, is less 
than a prescribed value which when low can be used to 
determine that the engine load is low, is satisfied or not, 
by a detection signal from the air intake passage pres- 
sure sensor 40. 

[0137] Then, in the case where it is determined instep 
SB4 that the engine negative pressure condition is not 
satisfied, in step SB2 the timer T2 is reset, and the 
present control is terminated. 

[0138] Conversely, in the case where it is determined 
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in step SB4that the engine negative pressure condition 
is satisfied, then in step SB5 it is determined whether a 
vehicle speed condition, being that the vehicle speed V 
is less than a predetermined value that determines that 
the vehicle is stopped, is satisfied or not, by a detection 
signal from the vehicle speed sensor 36. 
[0139] Then, in the case where it is determined in step 
SB5 that the vehicle condition is not satisfied, in step 
SB2 the timer T2 is reset, and the present control is ter- 
minated. 

[0140] Conversely, in the case where it is determined 
in step SB5 that the vehicle speed condition is satisfied, 
then in step SB6 it is determined whether a water tem- 
perature condition, being that the engine water temper- 
ature TW is greater than a predetermined value that de- 
termines that the engine 1 1 is warm enough, is satisfied 
or not, by a detection signal from the water temperature 
sensor 41 . 

[01 41 ] Then, in the case where it is determined in step 
SB6 that the water temperature condition is not satis- 
fied, the timer T2 is reset, and the present control is ter- 
minated. 

[0142] Conversely, in the case where it is determined 
in step SB6 that the water temperature condition is sat- 
isfied, then in step SB7 it is determined whether a stored 
charge condition is satisfied or not, being that the stored 
charge SOC of the battery 1 7, which is monitored based 
on an output from the current sensor 24, is below a pre- 
determined second threshold (lower value than the first 
threshold, for example 25%) that determines whether it 
subsequently has an influence on assistance control of 
the engine 11 by the electric motor 12. 
[0143] Then, in the case where the stored charge 
SOC is not below the second threshold in step SB7, the 
timer T2 is reset in step SB2, and the present control is 
terminated. 

[0144] Conversely, in the case where the stored 
charge SOC is below the second threshold in step SB7, 
it is determined in step SB8 whether the time of the timer 
T2, from when the stored charge SOC of the battery 1 7 
dropped below the second threshold, is greater or not 
than a predetermined value for determining whetherthis 
drop is temporary. 

[0145] Then, in the case where the time of the timer 
T2 is not greater than the predetermined value in step 
SB8, the present control is terminated. 
[0146] Conversely, in the case where the time of the 
timer T2 is greater than the predetermined value in step 
SB8, then in step SB9 the clutch 28 for the compressor 
27 of the air conditioner is disengaged, the compressor 
is disconnected from the engine 11, and the drive 
torque, that is the mechanical load, is reduced. 
[01 47] In the following step SB1 0, the injectors 32 and 
the air valve 34 are controlled to increase the idling 
speed Ne of the engine 11 to a predetermined fourth 
idling speed (greater than the abovementioned third 
idling speed (specifically 1 1 0Orpm)) that determines that 
sufficient generation torque can be obtained. 



[0148] In the following step SB11, when the electric 
motor 12 generates electricity from the drive of the en- 
gine 11 , the generation torque limit is set to a predeter- 
mined second upper limit wherein an allowance for a 

5 mechanical load that is required to drive the compressor 
27 is added to the abovementioned first upper limit (for 
example 1 .8kgfm), and in step SB12 the charging of the 
electric motor 12 is controlled by the power drive unit 
16, such that the electric motor 12 generates electricity 

10 from the drive of the engine 1 1 within a range where the 
generation torque does not exceed this second upper 
limit. 

[0149] In addition, in this embodiment, the ECU 15 
further performs the following second mechanical load 
'5 control, concurrently with the vibration damping permis- 
sion determination control and first mechanical load 
control, provided the transmission 13 is an automatic 
transmission (refer to FIG. 9). 

[01 50] Firstly, in step SC1 it is determined whether an 

20 idling condition, from which it can be determined that the 
engine 11 is idling, is satisfied or not, by whether two 
conditions are satisfied or not by detection signals from 
the engine speed sensor 37 and the throttle opening 
sensor 39, the two conditions being a rotational speed 

25 condition in that the engine speed Ne is less than a pre- 
determined value, and a valve opening condition in that 
the throttle valve opening TH is 0. 
[01 51 ] In the case where it is determined in step SC1 
that at least one of the rotational speed condition and 

30 the valve opening condition is not satisfied, thus not sat- 
isfying the idling condition, a timer T3 is reset in step 
SC2, and the present control terminates. 
[0152] Furthermore, in the case where it is deter- 
mined in step SC1 that the rotational speed condition 

35 and the valve opening condition are both satisfied, thus 
satisfying the idling condition, then in step SC3 it is de- 
termined whether a transmission system condition is 
satisfied or not by whether at least one of a drive disen- 
gaged condition, being that the gear shift is in P position 

40 or N position, and a brake on condition, being that the 
brake is on is satisfied, by detection signals from the 
shift position sensor 42 and the brake switch 38. 
[01 53] Then, in the case where it is determined in step 
SC3' that neither the drive disengaged condition nor the 

45 brake on condition is satisfied, thus not satisfying the 
transmission system condition, in step SC2 the timer T3 
is reset, and the present control is terminated. 
[0154] Conversely, in the case where it is determined 
in step SC3' that at least one of the drive disengaged 

50 condition and the brake on condition is satisfied, thus 
satisfying the transmission system condition, flow pro- 
ceeds to step SC4. 

[01 55] In step SC4 it is determined whether an engine 
negative pressure condition, being that the engine neg- 
55 ative pressure PB, indicating the engine load, is within 
a prescribed value which when low can be used to de- 
termine that the engine load is low, is satisfied or not, 
by a detection signal from the air intake passage pres- 
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sure sensor 40. 

[0156] Then, in the case where it is determined in step 
SC4 that the engine negative pressure condition is not 
satisfied, in step SC2 the timer T3 is reset, and the 
present control is terminated. 

[0157] Conversely, in the case where it is determined 
in step SC4 that the engine negative pressure condition 
is satisfied, then in step SC5 it is determined whether a 
vehicle speed condition, being that the vehicle speed V 
is less than a predetermined value that determines that 
the vehicle is stopped, is satisfied or not. by a detection 
signal from the vehicle speed sensor 36. 
[0158] Then, in the case where it is determined in step 
SC5 that the vehicle condition is not satisfied, in step 
SC2 the timer T3 is reset, and the present control is ter- 
minated. 

[0159] Conversely, in the case where it is determined 
in step SC5 that the vehicle speed condition is satisfied, 
then in step SC6 it is determined whelhei a walet tem- 
perature condition, being that the engine wtitui temper- 
ature TW is greater than a predetermined value that de- 
termines that the engine 1 1 is warm enough, is satisfied 
or not, by a detection signal from the water temperature 
sensor 41 . 

[01 60] Then, in the case where it is determined in step 
SC6 that the water temperature condition is not satis- 
fied, in step SC2 the timer T2 is reset, and the present 
control is terminated. 

[0161] Conversely, in the case where it is determined 
in step SC6 that the water temperature condition is sat- 
isfied, then in step SC7 it is determined whether a stored 
charge condition is satisfied or not, being that the stored 
charge SOC of the battery 1 7, which is monitored based 
on an output from the current sensor 24, is below a pre- 
determined second threshold (lower value than the first 
threshold, for example 25%) that determines whether it 
subsequently has an influence on assistance control of 
the engine 11 by the electric motor 12. 
[0162] Then, in the case where the stored charge 
SOC is not below the second threshold in step SC7 ; the 
timer T2 is reset in step SC2, and the present control is 
terminated. 

[0163] Conversely, in the case where the stored 
charge SOC is below the second threshold in step SC7, 
it is determined in step SC8 whether the time of the timer 
T3, from when the stored charge SOC of the battery 1 7 
dropped below the second threshold, is greater or not 
than a predetermined value for determining whether this 
drop is temporary. 

[0164] Then, in the case where the time of the timer 
T3 is not greater than the predetermined value in step 
SC8, the present control is terminated. 
[0165] Conversely, in the case where the time of the 
timer T3 is greater than the predetermined value in step 
SC8, then in step SC9 it is determined by a detection 
signal from the shift position sensor 42 of the transmis- 
sion 1 3 whether it is in a situation where creeping torque 
occurs or not, in other words, whether or not the gear 



shift is in D position rather than P position orN position. 
[0166] Then, in the case where the gear shift is not in 
D position in step SC9, the present control is terminated. 
[0167] Conversely, in the case where the gearshift is 
5 in D position in step SC9, then in step SC10 the clutch 
30 of the transmission 13 is disengaged, the engine 11 
is disconnected from the drive transmission system, 
creeping torque is set to 0, and the mechanical load on 
the engine 11 is reduced. 

10 [01 68] In the following step SC1 1 , the injectors 32 and 
the air valve 34 are controlled to increase the idling 
speed Ne of the engine 11 to a predetermined fourth 
idling speed (greater than the abovementioned third 
idling speed (specifically 1 1 0Orpm)) that determines that 

is sufficient generation torque can be obtained. 

[0169] In the following step SC12, when the electric 
motor 12 generates electricity from the drive of the en- 
gine 11 , the generation torque limit is set to a predeter- 
mined second upper limit wherein an allowance for gen- 

20 eration of the creeping torque is added to the above- 
mentioned first upper limit (for example 1 .8kgfm), and 
in step SC1 3 the charging of the electric motor 1 2 is con- 
trolled by the power drive unit 16, such that the electric 
motor 12 generates electricity from the drive of the en- 

2* gine 1 1 within a range where the generation torque does 
not exceed this second upper limit. 
[0170] According to the above described embodi- 
ments, in a control apparatus for a hybrid vehicle that 
has: an engine 11 which outputs a propulsion force for 

30 a vehicle; an electric motor 12 which assists the output 
from the engine; and a battery 17 for storing electric 
power generated by the electric motor, and further mon- 
itors the stored charge of the battery 17 by a current 
sensor 24 and an ECU 15, when the engine 11 is idling 

35 (step SA1 ), when the stored charge SOC of the battery 
17 detected by the current sensor 24 and the ECU 15 
is greater than a predetermined first threshold (step 
SA8), vibration damping control for suppressing vibra- 
tion of the engine 11 is performed by the electric motor 

•*o 12 (step SA14). Alternatively when the stored charge of 
the battery 1 7 is less than or equal to the first threshold 
(step SA8), vibration damping control by the electric mo- 
tor 12 (step SA10) is inhibited. Furthermore, when the 
stored charge SOC of the battery 17 detected by the 

4 5 current sensor 24 and the ECU 15 is below a predeter- 
mined second threshold that is lower than the first 
threshold (steps SB7 and SC7), the idling speed Ne of 
the engine 11 is increased (steps SB10 and SC11). 
[01 71 ] In this manner, if the stored charge SOC of the 

5 o battery 1 7 detected by the current sensor 24 and the 
ECU 15 becomes less than or equal to the predeter- 
mined first threshold, vibration damping control by the 
electric motor 12 is inhibited, and thus first of all power 
consumption is suppressed. However, the stored 

55 charge of the battery 17 still decreases, and when the 
stored charge of the battery 17 detected by the current 
sensor 24 and the ECU 15 is less than the predeter- 
mined second threshold that is lower than the first 
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threshold, the idling speed Ne of the engine 11 is in- 
creased, and the drive torque of the engine 11 is in- 
creased. As a result, it is possible to increase the torque 
that can be distributed as generation torque for the elec- 
tric motor to generate electricity, enabling an increase 
in the amount of charge to the battery. 
[0172] Accordingly, it is possible to prevent the stored 
charge SOC of the electric motor battery 12 from being 
reduced below the minimum required at the time of 
idling, and additionally the stored charge SOC can be 
i ncreased 

[0173] Furthermore, when the stored charge SOC of 
the battery 1 7 detected by the current sensor 24 and the 
ECU 15 is below the second threshold (steps SB7 and 
SC7), since the drive torque of the compressor 27 of the 
air conditioner and creeping torque, being mechanical 
loads other than the drive torque of the electric motor 
12 driven by the engine 11, are removed from the drive 
torque of the engine 1 1 (steps SB9 and SC1 0) , it is pos- 
sible to further increase the torque that can be distribut- 
ed as generation torque for the electric motor 1 2 to gen- 
erate electricity. 

[0174] Accordingly, it is possible to reliably prevent 
the stored charge SOC of the battery 17 for the electric 
motor 12 from being reduced below the minimum re- 
quired, and additionally, it is possible to increase the 
stored charge SOC. 

[0175] Here : the arrangement may be such that the 
threshold of when mechanical loads other than the drive 
torque of the electric motor 12 are removed from the 
drive torque of the engine 11 is set to a third threshold 
(for example 5%) that is lower than the abovementioned 
second threshold, and if the stored charge SOC of the 
battery 17 detected by the current sensor 24 and the 
ECU 15 is below this third threshold, the mechanical 
loads, other than the drive torque of the electric motor 
12 driven by the engine, are removed from the drive 
torque. 

[0176] Furthermore, since the mechanical loads that 
are removed from the drive torque of the engine 11 as 
described above are the drive torque of the air condi- 
tioner compressor 27 and creeping torque, the torques 
required for these drives are large, and hence it is pos- 
sible to effectively increase the torque that can be dis- 
tributed as generation torque for the electric motor 12 to 
generate electricity from. In this case, the arrangement 
may be such that at least one of the drive torque of the 
air conditioner compressor 27 and the creeping torque 
is removed from the drive torque of the engine 11 . 

INDUSTRIAL APPLICABILITY 



[01 77] As described above in detail, in the control ap- 
paratus of a hybrid vehicle according to the first aspect 
of the invention, only in the case where the stored 
charge of an electric motor battery is greater than a pre- 
determined stored charge threshold, that is, only in the 
case where there is some surplus stored charge in the 



electric motor battery, is vibration damping control per- 
formed by a vibration damping device. Therefore it is 
possible to prevent in advance a situation in which there 
is no surplus stored charge of the electric motor battery, 
5 leading to the stored charge of the electric motor battery 
being reduced significantly by the operation of the vibra- 
tion damping control device, and thus it is possible to 
prevent the stored charge of the electric motor battery 
falling too low. 

10 [01 78] In the control apparatus for a hybrid vehicle ac- 
cording to the second aspect of the invention, it is pos- 
sible to perform vibration damping control in a state 
where there is some surplus stored charge in the electric 
motor battery, the vehicle is idling, and the engine rota- 
15 tion is stable in regard to the engine speed and engine 
load, but excepting a case where a high load is required 
on the engine, that is, only when vibration damping con- 
trol is genuinely required. Therefore, it is possible to pre- 
vent in advance a situation where power is drawn from 
20 the electric motor battery wastef ully by performing vibra- 
tion damping control when there is little requirement. 
[01 79] In the control apparatus for a hybrid vehicle ac- 
cording to the third aspect of the invention, in the case 
where the electrical load of the vehicle in its existing 
25 state is high, and vibration damping control is being per- 
formed, then in the case where the electric power pro- 
duced by the engine is insufficient and the deficiency 
must be drawn from the electric motor battery, by per- 
forming vibration damping control only for a predeter- 
30 mined limited time, it is possible to prevent in advance 
a situation in which the stored charge of the electric mo- 
tor battery is reduced due to performing vibration damp- 
ing control over a long time. 

[01 80] In the control apparatus for a hybrid vehicle ac- 
35 cording to the fourth aspect of the invention , by increas- 
ing the engine speed, the amount of electric power pro- 
duced by the engine increases, and the amount of elec- 
tric power drawn from the electric motor battery de- 
creases. As a result, it is possible to minimize the de- 
40 crease of the stored charge of the electric motor battery, 
and additionally, the increase in the engine speed can 
reduce the vibration that occupants experience. 
[01 81 ] In the control apparatus for a hybrid vehicle ac- 
cording to the fifth aspect of the invention, in the case 
45 where vibration damping control is discontinued after a 
predetermined time has passed, since the engine speed 
is increased in stages, and vibration damping control is 
discontinued in a state of lower sensation of vibration, 
occupants experience little unpleasant sensation 
so caused by engine vibration. 

[01 82] In the control apparatus for a hybrid vehicle ac- 
cording to the sixth aspect of the invention, when the 
stored charge of the battery detected by the storage 
state monitoring device is less than or equal to the pre- 
55 determined stored charge threshold, vibration damping 
control by the electric motor is stopped, and thus first of 
all power consumption is suppressed. However, the 
stored charge of the battery still decreases, and when 
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the stored charge of the battery detected by the storage 
state monitoring device is less than the predetermined 
second threshold that is lower than the stored charge 
threshold, the idling speed of the engine is increased 
and the drive torque of the engine is increased As a s 
result, it is possible to increase the torque that can be 
distributed as generation torque for the electric motor to 
generate electricity, enabling an increase in the amount 
of charge to the battery. 

[0183] In the control apparatus fora hybrid vehicle ac- to * 
cording to the seventh aspect of the invention, when the 
stored charge of the battery detected by the storage 
state monitoring device is the same as the second 
threshold or less than a third threshold that is even low- 
er, rf the arrangement is such that mechanical loads oth- is 
er than the drive torque of the electric motor driven by 
the engine, are removed from the drive torque, it is pos- 
sible to further increase the torque that can be distribut- ■ 
ed as generation torque for the electric motor to gener- 
ate electricity. 

[0184] Accordingly, it is possible to reliably prevent 
the stored charge of the electric motor battery from be- 
ing reduced below the minimum required, and addition- 4 
ally, it is possible to increase the stored charge. 
[0185] In the control apparatus for a hybrid vehicle ac- 25 
cording to the eighth aspect of the invention, if a me- 
chanical load is either drive torque of an air conditioner 
compressor or creeping torque, since the torques re- 
quired for these drives are large it is possible to effec- 
tively increase the torque that can be distributed as gen- 30 
eration torque for the electric motor to generate electric- 5 
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1 . A control apparatus for a hybrid vehicle including- 
an engine which outputs a propulsion force for a ve- 
hicle; an electric motor for assisting the output from 
said engine; a battery for an electric motor that 40 
drives said electric motor and also stores electric 
power generated by said electric motor; and a stor- 
age state monitoring device which monitors a 
stored charge of said electric motor battery, 

wherein one condition forpeimitting operation 45 
of vibration damping control by said electric motor 
for suppressing vibration caused by torque variation 
of said engine, is that a stored charge of said electric 
motor battery detected by said battery storage state 

monitoring device must be greater than a predeter- so 7 
mined stored charge threshold, and when said con- 
dition is satisfied, vibration damping is performed 
or alternatively when said condition is not satisfied 
vibration damping is inhibited. 

2. A control apparatus for a hybrid vehicle, wherein " 
conditions for permitting operation of vibration 
damping control require that, in addition to a stored 8 



6. 



charge of said electric motor battery detected by 
said storage state monitoring device being greater 
than a predetermined stored charge threshold the 
vehicle is idling, engine speed is within a prescribed 
range, and engine load is within a prescribed range 
and vibration damping control is performed when all 
conditions are satisfied. 

A control apparatus for a hybrid vehicle according 
to claim 2, wherein conditions for permitting vibra- 
tion damping control require that an electrical load 
of the vehicle excluding said electric motor is great- 
er than a predetermined electrical load threshold 
and 

when the electrical load exceeds the prede- 
termined electrical load threshold, vibration damp- 
ing control is performed for a predetermined limited 
time, and conversely, when said electrical load is 
less than or equal to the predetermined electrical 
load threshold, vibration damping control is per- 
formed without any set time limit. 

A control apparatus for a hybrid vehicle according 
to claim 3, wherein when said electrical load ex- 
ceeds a predetermined electrical load threshold 
and vibration damping control is performed for a 
predetermined limited time, engine speed is in- 
creased as an elapsed time of vibration damping 
control increases. 

A control apparatus for a hybrid vehicle according 
to claim 4, wherein when increasing said engine 
speed, this is increased in stages as the elapsed 
time of vibration damping control increases. 

A control apparatus for a hybrid vehicle according 
to claim 1, wherein conditions for permitting vibra- 
tion damping control require that an electrical load 
of the vehicle excluding said electric motor is great- 
er than a predetermined electrical load threshold 
and ' 

when the electrical load exceeds the prede- 
termined electrical load threshold, vibration damp- 
ing control is performed fora predetermined limited 
time, and conversely, when said electrical load is 
less than or equal to the predetermined electrical 
load threshold, vibration damping control is per- 
formed without any set time limit. 

A control apparatus for a hybrid vehicle according 
to claim 6, wherein when said electrical load ex- 
ceeds a predetermined electrical load threshold 
and vibration damping control is performed for a 
predetermined limited time, engine speed is in- 
creased as an elapsed time of vibration damping 
control increases. 

A control apparatus for a hybrid vehicle according 
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to claim 7, wherein when increasing said engine 
speed, this is increased in stages as the elapsed 
time of vibration damping control increases. 

9. A control apparatus for a hybrid vehicle according 5 
to claim 1 , wherein when said engine is idling, when 

a stored charge of said battery detected by said 
storage state monitoring device is less than a pre- 
determined second threshold that is lower than said 
stored charge threshold, an idling speed of said en- 10 
gine is increased. 

10. A control apparatus for a hybrid vehicle according 
to claim 9, wherein when a stored charge of said 
battery detected by said storage state monitoring 15 
device is the same as said second threshold or less 
than a third threshold that is even lower, mechanical 
loads, other than a drive torque of said electric mo- 
tor driven by said engine, are removed from a drive 
torque of said engine. 20 

11. A control apparatus for a hybrid vehicle according 
to claim 1 0, wherein said mechanical load is at least 
one of drive torque of an air conditioner compressor 

or creeping torque. 25 
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